The plasma concentration of vitamins A and E varies with the amount of concurrent lipids and thus requires lipid standardization.
Indexing Terms: Iipids/standardization/retinol/a-tocopherol/statistics/Iipoproteins
The measurement of lipid-standardized plasma vitamin E gained clinical interest when it became evident that the suboptimal range (beyond overt vitamin E defiency) might be associated with an increased relative risk of lingering diseases such as cardiovascular disease and cancer (1, 2) . Vitamin E (RRR-a-tocopherol with minor exchangeable amounts of 'y-toeopherol), a principal protector of lipid double bonds against oxygen radicals, occurs in all plasma lipoproteins. After initial hepatic secretion within very-lowdensity lipoprotein, vitamin E mainly ends up in low-density lipoprotein (LDL), but thermodynamic partitioning also permits some transfer into high-density lipoprotein (3, 4) . The positive correlation of absolute plasma vitamin E to concurrent plasma lipids [r -0.5 ± 0.2 for total plasma cholesterol, triglycerides, phospholipids, $3-lipoproteins, and LDL, respectively (5, 6; for review see ref.
2)1 cannot be neglected. Therefore, the variability of absolute plasma vitamin E may depend on that of concurrent plasma lipids. As a logical consequence, assessment of the vitamin E status must always take into account the lipid status, as proposed by Horwitt et al. (7) . The biological status of plasma vitamin E should be expressed in terms of its concentration within concurrent lipids or lipoproteins. In fact, in overt vitamin E defiency with clinical neuromuscular symptoms, the vitamin E status is predicted only by lipid-standardized plasma vitamin E values but not by absolute ones (8, 9) . Since interindividual variations in plasma vitamin E are mainly related to those in LDL (6, 10) 
Results
We With adjustment for the sum of cholesHere a plane with the estimated slopes B1 and B2 for total cholesterol and triglycerides, respectively, is fitted through the points x1, x2, andy. Points x1 and x2 are the measured lipid concentrations and x10 and x20 are the corresponding standard lipid values to which the adjustment is performed; B1 and B2 depend on the specific sample; y is the measured absolute vitamin value, y the lipid-adjusted value. The practical procedures for calculating the adjusted vitamin values are described in the Appendix.
Standard Values
The standard values can be chosen arbitrarily, e.g., for a value of low cardiovascular risk that corresponds to the studied population and the common European order. In the present study the standard value for cholesterol is 5.18 mmolfL (200 mg/dL) and for triglycerides 1.25 mmolJL (110 mg/dL). 
Vit. E (RBA), vit. A (RBA)
Abbreviations as in Table 3 .
This method can be applied to relatively small sample sizes (15-20 complete data points should be sufficient), although it is desirable to increase the precision of the estimate by having a greater sample size. When comparing several populations with each other, the adjustment must be performed as one single calculation using all the data points from the populations that are to be compared. Of course the methods of analysis and the storage of all samples from the populations must be performed the same way. If not, the vitamins in the samples of one population may be less stable than in the other. Such differences cannot be overcome by this method of adjustment.
We thank Georg Brubacher for helpful comments and Richard Salkeld for discussion and reading through the manuscript. A and E, the remaining correlation to cholesterol and triglycerides was mostly even lower than after vitamin adjustment for f3-lipoproteins.
CLINICAL CHEMISTRY,
The correlation between vitamins A and E (Table 4 ) is 0.325 and 0.333, respectively, without any transformation. These did not change much with the simple adjustment for cholesterol or for the sum of cholesterol and triglycerides.
In contrast, the multiple regressionbased adjustment substantially reduced the correlation coefficient between vitamins E and A, to 0.178 and 0.107, respectively. (16) . Thus, the adjustment for the sum of cholesterol and triglycerides was intermittently used (15, 17) . However, this method is far from ideal.
Discussion
The present study shows that the method of Thurnham lowers the correlation coefficients of vitamins E and A to their carriers but also makes them negative. The simple adjustment for cholesterol also results in a negative correlation coefficient for these vitamins. Such a negative coefficient may occur when the intercept (i.e., baseline concentration, as if no carrier is is of the same order of magnitude as the carrier-caused variation. The correlation coefficients of the multiple regression-based adjusted vitamins E and A values to their carriers become almost zero because of missing data in the original data sets.
Comparing these two populations by using different study designs shows that the adjustment can be used for both, and is probably universally applicable.
Recently the multiple regression-based lipid standardization of vitamins A and E was tentatively used for cross-cultural comparisons (24) , which were initially based on the vitamin E/cholesterol ratio (2), and later on vitamin E adjusted for "normal" plasma cholesterol (17) or for the sum of cholesterol plus triglycerides (17) 
